This paper proposes an Imperialist Competitive Algorithm (ICA) for optimal multiple distributed generations (DGs) placement and sizing in a distribution system. The objective is to minimize the total real power losses and improve the voltage profile within real and reactive power generation and voltage limits. Three types of DG are considered and the ICA is used to find the better sizes and locations of DGs for maximum real power losses reduction and voltage improvement for given number of DG units in each type. Both integer and continuous variables are considered in ICA, integer variable for locations and continues variable for sizes. The total real power losses and voltage profile evaluation are based on a power flow method for radial distribution system with the representation of DGs. The proposed method has been demonstrated on 33 bus radial distribution system. The efficiency of the ICA in reducing the total power losses and improving voltage is validated by comparing the obtained results with Particle Swarm Optimization (PSO) algorithm.
Introduction
Power distribution from power station to final customers is accomplished via transmission, subtransmission, and distribution network. In radial distribution systems, all customers are fed at only one point that is the substation. Because of high R/X ratios in distribution lines, there are voltage drops and high power losses in distribution networks. Recently, by embedding DGs, the distribution networks operation including voltage, losses and network reliability are improved.
DGs are small generator that connected directly to the distribution networks and supply customers. DGs are not part of the central power system [1] .
Conventional power plants in the power system only generate energy, but DGs also participate in the voltage and frequency control. Depending on the load demand, the DGs can reduce the system losses and improve voltage profile in cases where they supply local customer. The sitting and sizing of DGs in distribution system have an important impact on the operations and control of power system. Non optimal placement and sizing of DGs can increase system losses, voltage flicker and costs. So, optimal placement and sizing of DGs can be very useful for the system operation.
An analytical methods to optimal placement and sizing of DGs in radial distribution system are presented in ref [2] .the objective is to minimize the real power loss. In ref [3] genetic algorithm is used to find optimal placement and sizing of single and multiple DGs to minimize the distribution systems real power losses. Optimal placement of DGs in order to minimize the electrical network losses using a tabu search metaheuristic is proposed [4] . In ref [5] and [6] GA and PSO algorithm is used to improve the voltage profile in distribution network, respectively. A novel approach based on dynamic programming is used in ref [7] to find the optimal locations of DGs to minimize power losses enhance reliability and improve voltage profile of the distribution network. Time varying load is considered in this optimization. A new methodology using fuzzy and artificial bee colony (ABC) algorithm is presented in ref [8] . The objective is to minimize the real power losses and improve the voltage profile. Some technical and economic impacts of DGs using some heuristic methods have been studied in ref [9] [10] [11] .
In this paper an Imperialist Competitive Algorithm (ICA) is proposed for optimal multiple distributed generations (DGs) placement and sizing in a distribution system. The heuristic methods has probably no application to more than one DG but ICA is fully practiced and robust to determine optimal placement and sizing of multi-distributed generations (DGs) in the distribution systems Because both integer and continuous variables is considered in ICA. A Direct approach for distribution system load flow solutions is applied for the load flow problem solving [12] .
The rest of this paper is set out as follows. In Section 2, DG types are explained. Section 3 and 4 describes the problem formulation and constrains. In Section 5, Particle Swarm Optimization (PSO) is explained. The ICA algorithm is represented in Section 6. In Section 7, an ICA computation procedure in order to optimal placement of DG is described. Numerical results are illustrated in Section 8. Finally, the conclusion is given in Section 9.
Case study
There are several types of DGs. From the energy source view point, DGs can be divided into two parts, renewable energy like photovoltaic, small hydro power turbines and wind turbines technologies and non-renewable energy like gas turbines, diesel engines, and micro-turbine technologies. In this paper three DG types are considered including photovoltaic, synchronous condenser and wind turbine.
A. Case 1
Photovoltaic systems convert solar energy into electrical energy. Photovoltaic systems only supply real power. The ICA will search for optimal real power size and location of DG unit. When a DG of size PDG is placed at bus j:
Where, P DG, j is real generation power of DG and P D, j is real demand power in bus j. P j is net real power injection in bus j.
B. Case 2
Synchronous condenser systems only supply reactive power. This type of DG can improve the voltage profile by providing reactive power. The synchronous machine is considered as synchronous condenser when running without a mechanical load and it can either supply or absorb reactive power. When a DG of size Q DG is placed at bus j:
Where, Q DG, j is reactive generation power of DG and Q D, j is reactive demand power in bus j. Q j is net reactive power injection in bus j.
C. Case 3
The wind turbine converts wind kinetic energy into electrical energy. The wind turbine is connected to an induction or synchronous generator. If wind turbine is connected to an induction generator, Wind generator supply real power and in turn absorbs reactive power. When a wind generator of size P DG is placed at bus j the absorbing reactive power can be given as [13] : 
Problem formulation
Optimal placement and sizing of DGs is formulated as a nonlinear optimization problem subject to nonlinear inequality and equality constraints. In these sections objective functions is proposed. The real power losses minimization and voltage profile improvement is considered in a given radial distribution network. The goal is to converge these tow objective functions into one, using the weighting coefficient. The objective function is formulated as:
α and β are weighting coefficient for real losses and voltage profile respectively.
A. Power loss
The power losses in the distribution system depend on the line resistance and currents and are usually called thermal losses. In a distribution system with n number of branches, the total real power losses can be calculated as [14] :
Where, I j and R J are the magnitude of current and the resistance of the branch j, respectively.
B. Voltage profile
One of the advantages of suitable location and size of the DGs is the improvement in voltage profile. This is due to reduced real power flow from the slack bus to the network. Because of reduced real power flow from the upper level of the network, the losses are reduced and the bus voltage can be higher than its normal operating limits. In a distribution system with m number of buses, the objective function to improve voltage profile is:
Where, V level is voltage level and V J is the measurement voltage at bus j.
These two objective functions can satisfy the designer requirements using the weighting coefficient. When distributed generation is connected to the distribution network, ICA uses the different Combination of these functions for optimal sizing and placement of DG.
Constraints
Another important part of the optimization problem is the constraints. In this paper, three types of constraints are considered, Power balance, real and reactive power generation and bus voltage limits.
Power balance
Power balance equations corresponding to both the real and the reactive powers must be satisfied. This constraint can be written as:
Where, P D, j , Q D, j , P DG, j and Q DG, j are the real and reactive power demand and generation corresponding to the bus j, respectively. P loss and Q loss are the total real and reactive power losses in the system. m is the total number of buses.
Real and reactive power generation limits
Real and reactive power generation limits specify upper and lower limits for the real and reactive power outputs. These constraints are as follows:
Where, P DG, min , Q DG, min , Q DG, max and P DG, max denotes upper and lower active and reactive power generation limits of DGs at bus j.
Bus voltage limits
The bus voltage magnitudes must be kept within acceptable operating limits throughout the optimization process. This can be mathematically described as:
Where, V j, min and V j, max denote upper and lower limits of voltage at bus j.
Particle swarm optimization
Particle Swarm Optimization (PSO) algorithm is a population based stochastic optimization technique developed in 1995 by Kennedy and Eberhart, inspired by the social behavior of birds flocking and fish schooling [15] . In this algorithm optimal solution to a mathematical optimization problem is imitated of birds behave during the food pursue, the escape from hunters and the search for mates. In recently years, the PSO algorithm has been used in wide variety of problems ranging from classical mathematical programming problems to highly specialize engineering and scientific optimization problems [21] [22] [23] .
Conventional PSO algorithm works by having a population (called a swarm) of candidate solution (called particles). These particles are moved around in the search-space according to a few slick formulae. The movements of the particles are followed by their own best known position in the search-space as well as the whole swarm's best known position. After discovering the improved positions, these will then come to guide the movements of the swarm. The process is repeated and by doing so it is hoped, but not guaranteed, that a satisfactory solution will eventually be detected [15, 16] ; subsequently, the swarm is adjusted according to the following two equations: ) ( ) ( . 
Where, n is the number of particles, w is the weighted inertia, C 1 and C 2 are the positive constants, r 1 and r 2 are two random numbers distributed within the range [0, 1], t is the iteration number, P i is the best position of the i th particle and g i is the best particle among the group members. The particle updates its velocity according to its previous velocity and the distances to its current position from both its own best historical position and the best positions of the neighbors in every iteration step, and then it flies towards a new position given by [12, 13] .
The pseudo code of PSO Algorithm is presented below:
Step 1: Input the basic data and maximum number of iteration (I max ).
Step 2: Initialize particles in the population.
Step 3: Calculate fitness value of the each particle.
Step 4: Compare and update fitness value with p i , g i .
Step 5: If the I=I max , go to step 7. Otherwise, go to the next step.
Step 6: Update velocity and position by Equations [12, 13] .
Step 7: Print the global best solution
Imperialist competitive algorithm
Imperialism is the policy of developing the potency and rule of a government beyond its own boundaries. A country may endeavor to dominate others by direct rule or by less obvious means such as a control of markets for goods or raw materials which is often called neocolonialism [17] . Imperialist Competitive Algorithm (ICA) [18] is a new evolutionary algorithm which uses imperialism and imperialistic comparative process as a source of inspiration. The pseudo code of Imperialist Competitive Algorithm is presented below:
1 Initialize the empires by selecting random points on the function.
Colonies movement into their relevant imperialist (Assimilation).
3 Random changing of the position of some colonies (Revolution).
4 If there is a colony in an empire which has lower cost than the imperialist, replace the positions of that colony and the imperialist.
7 Set the weakest colony (colonies) from the weakest empires and give it (them) to one of the empires (Imperialistic competition).
8 Discard weak empires.
9 If stop conditions is reached, stop, if not go to 2.
ICA, like other evolutionary algorithms, commences with an initial population. In this algorithm each member of the population is known as country. Some of the foremost countries in the population are selected as imperialist states and all the remained countries are be selected as the colonies of these imperialists; after that initial colonies of population will be partitioned among the assigned imperialists based on their power which is inversely proportional to their cost.
Afterwards, these colonies start moving into their relevant imperialist country. This movement is an easy model of assimilation policy that was survey by some imperialist states [19] . Figure 1 shows the colony movement into the imperialist. θ and x are random numbers with equal distribution and d is the distance between colony and the imperialist.
Where β 1 is a positive number less than 2, d is the region between the imperialist and its colony and is the derivation from original direction; Figure 2 shows that if this movement makes to find a colony with better situation (lower cost) rather than it's imperialist, the position of the colony and imperialist will be changed together. 
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The whole power of an empire belongs to the power of the imperialist country and colonies one which is illustrated as below:
Where P im is the imperialist power and e is a positive number less than 1. In this situation, weak empires which cannot compete, develop their power and even if cannot hold diminution of its power will be collapsed.
Imperialistic competition and the motion of colonies into their relevant imperialist will anticipant form a new world with one empire that all countries from the colonies to the imperialist are the identity in both position and power. In this set, the imperialist comprises an array of variables which is an optimal eliminating the problem.
ICA procedure
In order to determine the best locations and sizes of the DGs, the ICA-based approach has been suggested. The major steps of the proposed algorithm are:
Step 1. Input data and maximum number of iteration (I max ).
Step 2. Generate initial countries. Countries consist of two parts, the first is the optimal location of DG and the second is the optimal sizing. Results for first parts are integers and for second parts are continuous variables.
Step 3. Create the primary empires and set the iteration counter I=0.
Step 4. Apply the assimilation policy. If one of the colonies reaches to a better position, change the position of colony and imperialist.
Step 5. Select one colony from weakest empire. The more powerful empires have the more chance to get colony.
Step 6. Stop if only one empire exists or I=I max , otherwise I=I+1 and go to 4.
Numerical results
The distribution test system is the 33 bus system [20] . The 33 bus radial distribution system has a total load of 3.715 MW, 2.3MVAR and base voltage is 12.66kv. The total active and reactive power losses are 202.4 kW and 135.1 kVAR, respectively. The single line diagram of the 33 bus test system is shown in Figure 3 . This paper uses ICA for solving the problems of optimal sitting and sizing of DGs. For ICA parameters, countries size=100, imperialists size=10, number of Iteration=100, revolution rate=0.2, and assimilation coefficient=2. In the PSO algorithm, population size=80, the positive constants are C 1 =2 and C 2 =2, the weighted inertia is w=0.9 [22] . The bus voltage is limited to 0.9 and 1 per unit; real power generation and reactive power generation are limited to 0.05 and 5MVAR. In order to magnify the role of each objective, related weighting coefficient (α, β) can change. The obtained result with ICA is compared with PSO algorithm. Tables 1-3 present optimal DGs locations and sizes of each method in 33 bus radial distribution system for different value of λ. Where α λ β = (18) After DG installation, the voltage profile is improved and an active power loss is also reduced.Comparison of active power losses reduction for three types of DGs (DG number=3) for different value of λ is shown in Figure 4 
Conclusion
In this paper, an Imperialist Competitive Algorithm (ICA) is used for optimal placement and sizing of DGs in order to decreasing radial distribution system losses and improving voltage profile. Test results indicate that ICA method can obtain better results than the PSO method on the 33-bus radial distribution systems. It is also seen that optimal placement and sizing of multiple DGs are more beneficial than the placement of a single DG so that three DGs gives the results with higher quality. The role of each objective was magnified by changing the value of λ. The analysis shows that the real power losses can be reduced by increasing the value of λ and voltage profile improvement is obtained by decreasing the value of λ. The other benefits of DGs as well as economics of it can be considered in future research work.
